Abstract Adipose tissue is a major reservoir of cholesterol and, as such, it may play a significant role in cholesterol homeostasis. The aims of this study were to obtain a quantitative characterization of apolipoprotein A-I (apoA-I)-dependent lipid efflux from adipocytes and examine the role of ATP-binding cassette transporter A1 (ABCA1) in this process. The rates of apoA-I-induced cholesterol and phospholipid efflux were determined and normalized by cellular protein or ABCA1 levels. In order to allow a comparative analysis, parallel experiments were also performed in macrophages. These studies showed that apoA-I induces cholesterol efflux from adipocytes at similar rates as from macrophages. Enhancement of the expression of ABCA1 increased the rates of cholesterol efflux from both adipocytes and macrophages. The results also suggested that a non-ABCA1-dependent mechanism could make significant contributions to the rate of apoA-Idependent cholesterol efflux when the expression levels of ABCA1 are low. Furthermore, the study of the effect of inhibitors of lipid efflux showed that glyburide and brefeldin A, which affect ABCA1 function, exerted strong and similar inhibitory effects on lipid efflux from both adipocytes and macrophages, whereas BLT1, an SRB-I inhibitor, only exerted a moderate inhibition. Overall these studies suggest that ABCA1 plays a major role in apoA-I-dependent lipid efflux from adipocytes and showed high similarities between the abilities of adipocytes and macrophages to release cholesterol in an apoA-I-dependent fashion.
Introduction
Cholesterol (CL) plays important roles in maintaining cellular functions. The cellular levels of CL are defined by the relative rates of synthesis, uptake, catabolism, and efflux to external acceptors. Most cells have only a limited ability to catabolize CL [1] , and the removal of excess CL is mainly accomplished through a pathway termed reverse cholesterol transport (RCT). This pathway involves lipid efflux from cells to extracellular acceptors that transport CL to the liver for processing and excretion as bile salts or for recycling to maintain CL homeostasis [2] .
Although the entire RCT pathway is needed for efficient removal of excess cellular CL, the initial step in which lipoproteins (mainly apoA-I) are thought to bind to the membrane transporter ABCA1 and stimulate efflux to form HDL, is believed to be a crucial step [3] [4] [5] [6] [7] . This is supported by the fact that mutations in ABCA1 lead to Tangier's disease (TD) [8] [9] [10] , which is characterized by cellular cholesterol ester accumulation and very low levels of HDL [11] . The importance of ABCA1's role in HDL biogenesis is also evident by the inability of TD fibroblasts to efflux lipids to apoA-I [12, 13] .
It has been recently reported that liver and intestine are the main tissues contributing to the production of circulating HDL in mice [14, 15] . These studies, however, did not take into account the potential contribution of adipose tissue, which is the largest reservoir of stored free cholesterol in the body [16, 17] . The mass of the stored CL varies with the body mass, but it is proportional to the amount of triglycerides [18, 19] and, therefore, to the mass of adipose tissue.
Extensive studies have provided a good characterization of the process of apoA-I-induced CL efflux in macrophage and liver cells [20] [21] [22] [23] [24] . Previous studies have shown that incubation of 3T3 L-1 adipocytes with apoA-I promotes lipid efflux into the media [25, 26] . These previous studies, however, have not sought to provide a detailed quantitative account of the process of cholesterol efflux in adipocytes. This study intends to provide a significant characterization of the process of apolipoprotein A-I (apoA-I) dependent lipid efflux from adipocytes and also to examine the role of ATP-binding cassette transporter A1 (ABCA1) in this process. Because both the rate of apoA-I-induced cholesterol efflux and the role of ABCA1 have been amply studied in macrophages [7, 20, 23] , we have carried out parallel experiments with adipocytes and J774 macrophages to allow a simple comparison of the kinetics of cholesterol efflux and the role of ABCA1 across different cell types.
Materials and methods

Materials
J774 and 3T3 L-1 cells were purchased from American Type Cell Culture (Manassas, VA). Dimethyl sulfoxide (DMSO), brefeldin A (BFA), glyburide (GLYB), fatty acid free bovine serum albumin (BSA), isobutyl methyl xanthine (IBMX), dexamethasone, trypsin, insulin, GW3965, streptomycin, and penicillin were purchased from Sigma Chemicals Co. (St. Louis, MO). Fetal bovine serum (FBS) was obtained from Hyclone (Logan, UT). Dulbecco's modified Eagle's medium (DMEM) was purchased from Cellgro Mediatech, Inc (Herndon, VA Cell culture J774 macrophages or 3T3 L-1 pre-adipocytes were cultured in six-well plates at 37°C in 8% CO 2 atmosphere in DMEM supplemented with 10% FBS and 0.01% antibiotics. J774 were allowed to reach 90% confluence prior to experiments. For differentiation of 3T3 L-1 into adipocytes, cells were allowed to grow to confluence and then the differentiation into adipocytes was induced by addition of IBMX (111 lg/ml), dexamethasone (0.46 lg/ml), and insulin (1.5 lg/ml) [27] . After 48 h, the cells were incubated in DMEM/10% FBS containing insulin for an additional 48 h. Afterward, the cells were maintained in DMEM/10% FBS. All experiments using adipocytes were conducted 12-14 days after the differentiation period.
Analysis of cellular lipids
Cell monolayers from individual wells were scrapped and homogenized. Aliquots of homogenate were used for lipid extraction with chloroform:methanol (2:1 by vol) (28) . Lipids were separated by TLC along with known amounts of standards and visualized with iodine vapor. The spots of samples and standards were then scrapped off the plates and lipids extracted from the silica with either 1:1 chloroform:methanol (CL) or 80:20 methanol:chloroform (PL) and dried. These lipid extracts were then reconstituted as per manufacturer's instructions for either a choline-containing phospholipid colorimetric assay (Phospholipid C assay kit, WAKO) or a cholesterol colorimetric assay (Infinity Reagent, Hitachi).
Cholesterol efflux assays
Prior to the efflux experiment, fully differentiated 3T3 L-1 adipocytes or J774 macrophages were incubated for 22-24 h in 2.5%FBS-DMEM containing [ 3 H]-cholesterol (2 lCi/ ml) and 2 lM GW3965 (or buffer) for adipocytes or 180 lM 8-Br-cAMP (or buffer) for macrophages. Recombinant apoA-I was cloned and purified as previously described was used to initiate cellular lipid efflux [29] . At the start of the experiment, fresh 0.05% BSA-DMEM (to determine background levels of efflux) or 0.05%BSA-DMEM containing 75 lg/ml apoA-I was added to the cells. Aliquots of media were taken at indicated time points, centrifuged, and used to determine [ 3 H]-cholesterol efflux by scintillation counting. After allowing efflux to proceed for 5 h, the wells were washed and cellular cholesterol extracted with isopropanol. Whole well [ 3 H]-cholesterol (cpm) was determined by adding the cpm found in the media to the cpm present in the isopropanol extract. The percent of cellular CL efflux was calculated at each time point as:
ApoA-I-induced lipid efflux was determined as the difference between the mean percent of CL efflux in medium containing apoA-I and the average percent of lipid efflux found in wells without apoA-I (background efflux). The standard deviation of apoA-I-induced efflux at each time point was estimated from the standard deviations of the background and apoA-I total efflux using the propagation of error approach. This approach was used for each individual time point. The time course of apoA-Iinduced CL release (as % total) was fitted by linear regression to estimate the corresponding rate of efflux.
Phospholipid efflux assays
In order to measure phospholipid (PL) efflux, macrophages or adipocytes were labeled in 2.5% FBS-M199 for 24 h with [ 3 H]-choline [5 lCi/ml]. At time zero, DMEM-0.05%BSA containing 75 lg/ml of recombinant apoA-I was added to each well. Background efflux was determined in wells containing medium without apoA-I. Aliquots of media were collected at indicated time points, and at the final time point the whole well homogenate and remaining media were collected. PL contained in the media and homogenates were extracted using the Folch procedure [28] . The organic phases containing the lipids were dried completely and used to determine cpm associated to [ 3 H]-choline labeled PL by liquid scintillation counting. The percent of cellular PL efflux was calculated from the amounts of [ 3 H]-choline labeled PL determined in media and cell homogenates as:
The mean values and standard deviations of apoA-I-induced PL efflux were determined as indicated for CL efflux.
Lipid efflux inhibition assays
Lipid efflux was studied as mentioned above, but after labeling the lipid pools, the cells were pre-incubated with the drugs for 2 h prior to experiment. These pre-incubations were carried out in DMEM-0.05% BSA media containing BFA (10 lg/ml), GLYB (500 lM), BLT1(10 lM), BLT4 (150 lM), or DMSO as a control. After 2 h, zero time for efflux, the media was replaced with fresh media containing only the inhibitor, or the inhibitor and 75 lg/ml of recombinant apoA-I. Media and homogenates were collected and protein and lipids analyzed as described above. ApoA-Iinduced lipid efflux was calculated by subtracting the mean values of lipid efflux observed in the presence of inhibitor alone (background efflux %) from the mean efflux percent determined in wells containing both inhibitor and apoA-I. The standard deviation of apoA-I-induced efflux was estimated from the standard deviations of the background and total efflux using the propagation of error approach. This approach was used for each individual time point. The resulting time course was fitted by linear regression to obtain the rate of apoA-I-induced efflux. The efficiency of the inhibition was estimated as the ratio percent of the mean rate in the presence of inhibitor to the mean rate in the absence of inhibitor. The corresponding standard deviations were calculated using the propagation of errors.
Estimation of the relative levels of cellular ABCA1 protein expression
A semi-quantitative analysis of cellular ABCA1 protein was done by Western blotting of aliquots of homogenates. The samples analyzed were obtained from some of the wells not used for lipid efflux studies but contained in the same plate. The volumes of homogenate separated by electrophoresis were adjusted such that equal amounts of protein (70 lg) were loaded for all samples. After SDS-PAGE, the proteins were transferred to a nitrocellulose membrane and incubated with rabbit polyclonal anti-ABCA1. All samples to be compared, adipocytes (control and GW3965 treated) and macrophages (control and 8-Br-cAMP treated), were loaded in the same gels and simultaneously blotted and analyzed. After detection by chemiluminescence, the films were scanned, and the band intensities were determined by densitometry using AlphaEase software (Santa Clara, CA). The band intensities in arbitrary density units (a.u.) were directly compared within the same blots. In order to compare the results of different blots the band intensities were first normalized using the intensity of adipocytes control as internal reference. These levels of ABCA1 protein were used to calculate the rates of lipid efflux normalized by ABCA1 protein: nmol lipid/h-ABCA1.
Statistical analysis
The statistical significance of differences was determined between the means of control and treated samples using the Student's t-test.
Results
Lipid efflux from adipocytes
In order to characterize apoA-I-dependent lipid efflux from adipocytes, the apparent rates (%cellular lipid released/h) of apoA-I-induced cholesterol release from [ 3 H]-cholesterol-labeled adipocytes was determined. ApoA-I-induced CL efflux was estimated as the difference between the fractions of cellular CL released into the cell culture medium observed in the presence and in the absence of apoA-I at a given time. Similar studies were also performed in the murine macrophage cell line J774 to allow the comparison of adipocytes with a well-studied cell type. As shown in Fig. 1a , after 5-h period, apoA-I promotes the release of *2.4% of the cellular cholesterol content of adipocytes and a significantly higher fraction from macrophages (*3.3%). Conversely, the study of apoA-Iinduced PL efflux showed that the apolipoprotein induces the release of 1.04 and 0.60% of the cellular PL contents of adipocytes and macrophages, respectively (Fig. 1b) . These differences in percent, however, are related to both the lipid content of the cells and the actual rates of lipid efflux induced by apoA-I. In order to determine the rates of lipid efflux, in nmoles of lipid/h mg protein, the PL and CL contents of adipocytes and macrophages were determined. As expected, due to the presence of free cholesterol in the lipid droplets, the CL content of adipocytes is significantly higher than that of macrophages (Table 1 ). This feature of adipocytes can also be observed through the comparison of the molar ratios of cellular CL to PL. Adipocytes have a molar ratio of CL to PC ? SM *1.0, which is greater than that of macrophages (*0.75). From the lipid contents of the cells and the fractions of lipid efflux the rates of CL and . apoA-I-induced PL efflux was calculated by subtracting the background PL efflux, determined in the absence of apoA-I, from the PL efflux determined in wells containing apoA-I. At each time point, the mean efflux and SD were calculated with data from nine wells for adipocytes (h) and seven wells for macrophages (j) The efflux stoichiometry in moles of CL per mol of PL was calculated from the average rates of efflux. The SD of the CL/PL ratio was estimated from the SDs of the rates of CL and PL efflux and the propagation of error equation PL efflux in nmoles lipid/h-mg protein were calculated. These estimates (Table 1) show that apoA-I induces similar rates of CL efflux from adipocytes and macrophages. Table 1 also shows that apoA-I induces the release two moles of CL per mol of PL (PC ? SM) in adipocytes, whereas this ratio is four in macrophages. This difference is due to the higher rate of PL efflux in adipocytes. The results obtained in macrophages are consistent with previously reported data [22] [23] [24] 30] . Moreover, it has been shown that in macrophages, overexpression of ABCA1, by cAMP-treatment, leads to a decrease in the molar ratio of CL to PL from 4 to 2 [23, 30] .
Effect of ABCA1 protein levels in the rate of cholesterol efflux from adipocytes
In order to investigate the role of ABCA1 in lipid efflux from adipocytes, the levels of ABCA1 protein in both adipocytes and macrophages were increased by treatments with inducers of ABCA1 expression, and the rates of lipid efflux determined. Previous studies have shown that incubation of J774 macrophages with cAMP analogs increases both ABCA1 mRNA and protein levels and stimulates apoA-I-induced lipid efflux through the ABCA1-mediated pathway [7, [31] [32] [33] [34] . On the other hand, other studies [35] [36] [37] have shown that LXR agonists, such as GW3965, increase ABCA1 mRNA levels in adipocytes. Therefore, in order to investigate the role of ABCA1 in lipid efflux the rates of lipid efflux of macrophages and adipocytes treated with the cAMP analog 8-Br-cAMP and the LXR agonist, GW3965, respectively, were compared to the rates of control cells. The lipid efflux assays were performed as indicated before, and the levels of ABCA1 protein were estimated in the cell homogenates by Western blot analysis. Aliquots of the homogenates from control and treated adipocytes and macrophages were loaded in the same gels and simultaneously blotted to allow semi-quantitatively estimation of the relative levels of ABCA1 for different treatments and cells. Figure 2a shows a representative blot of samples from one experiment, whereas Fig. 2b shows the average values of combined experiments. As expected, ABCA1 is present in both adipocytes and macrophages. A clear increase in the expression of ABCA1 was observed in both LXR agonist-treated adipocytes and 8-Br-cAMPtreated macrophages. However, a much stronger induction of ABCA1 protein expression was observed in macrophages (4.9-fold) than in adipocytes (2.1-fold). Accompanying the increase in expression of ABCA1, the rates of CL efflux also increased in adipocytes (1.38-fold) and macrophages (2.0-fold), see Fig. 3a . In order to further investigate the contribution of ABCA1 expression to the process of CL efflux, the average rates of apoA-Iinduced CL efflux were normalized using the average relative levels of ABCA1 expression shown in the Fig. 2b . The resulting ABCA1-normalized rates are shown in Fig. 3b . These results show that ABCA1-normalized rates of apoA-I-induced CL efflux are higher for cells expressing basal levels of ABCA1. This difference is observed in both adipocytes and macrophages. The lower ABCA1-normalized rate of CL efflux in cells expressing higher levels of ABCA1 could be due to a significant contribution of an ABCA1-independent mechanism of CL efflux in control cells. Alternatively, it may indicate that induction of ABCA1 protein expression is not the only factor determining the rate of CL efflux to apoA-I.
Effect of inhibitors of SR-BI and ABCA1 mediated cholesterol efflux
The role of ABCA1 in apoA-I-dependent lipid efflux from adipocytes was also investigated by performing efflux The level of ABCA1 protein was estimated by densitometric scanning of the western blots as explained in methods. The figure shows the relative average levels of ABCA1 normalized by cellular protein (mean ± SD). A total of seven samples from three separate experiments were included in the calculations of the means and corresponding SD. The differences between the means of control and LXR-treated samples of adipocytes, and also between control and cAMP-treated macrophages were estimated to be significant (P \ 0.001) assays in the presence of several drugs that are thought to reduce apoA-I-dependent lipid efflux via inhibition of the ABCA1 transporter. The effects of the inhibitors on the rates of apoA-I-dependent CL and PL efflux were studied as described above, using [ 3 H]-choline-or [ 3 H]-cholesterol-labeled cells, but the cells were pre-incubated with the drugs prior to the addition of apoA-I. The time courses of inhibitor-treated and mock-treated cells were used to obtain the rates of efflux. The inhibition of apoA-Idependent lipid efflux was expressed as percentage of the corresponding rates determined in mock-treated cells. Figure 4 shows that all inhibitors tested inhibited to some extent the release of cellular lipids. The sulfonylurea glyburide (GLYB) is known to block several ABC transporters including ABCA1 [3, [38] [39] [40] [41] [42] [43] [44] . GLYB strongly inhibited lipid efflux in both adipocytes and macrophages, suggesting a major role of ABCA1 in lipid efflux from adipocytes and confirming previous reports on the effects of GLYB and the function of ABCA1 in macrophages [45, 46] .
Brefeldin A also promoted a strong inhibition of CL and PL efflux in both macrophages and adipocytes. The inhibition exerted by BFA falls within the expected inhibition range (*58-85%) when compared to previously reported data obtained in fibroblasts, but is somewhat higher than data previously reported in macrophages [47, 48] . BFA has been shown to inhibit recycling of ABCA1 between the plasma membrane and intracellular compartments. This effect was suggested as the cause of its inhibitory effect on apoA-I-induced CL efflux [47, 49] . Overall, the observed inhibition of CL and PL efflux promoted by BFA in adipocytes, and its similarity to the effects observed in macrophages, suggests that ABCA1 transport is also important for the process of CL efflux in adipocytes.
In addition to GLYB and BFA, adipocytes were also incubated with BLT1 and BLT4, two members of the block lipid transport (BLT) family of inhibitors [50, 51] . BLT1 inhibits the scavenger receptor, class B, type I (SR-BI) [51] , which mediates cellular uptake of cholesterol esters and, in the opposite direction, CL efflux to HDL [52, 53] . BLT1 was significantly less efficient than GLYB and BFA to inhibit either CL or PL efflux (Fig. 4) . This result suggests a minor role of SR-BI in the process of apoA-Iinduced cholesterol efflux in adipocytes.
Whereas GLYB and BFA affect ABCA1 function, and BLT1 is specific for SR-BI, it has been suggested that BLT4 cross inhibits both ABCA1-mediated and SR-BIdependent CL efflux [50] . In our studies in adipocytes, BLT4 was more efficient than BLT1 at inhibiting lipid efflux, but less efficient than BFA and GLYB (Fig. 4) . The higher inhibition observed with BLT4, as compared to BLT1, is consistent with the expected effects of BLT4 and also with the fact that ABCA1 plays a major role in apoA-I-induced lipid efflux from adipocytes. The low inhibition promoted by BLT4, as compared to BFA and GLYB, also suggests that the efficiency of BLT4 to bock ABCA1 is much lower than that of GLYB and BFA. BLT4 had been previously reported to strongly inhibit cholesterol release to apoA-I [50] . However, the effects of BLT4 on phospholipid efflux had not been examined until now. Another difference between the inhibitory effects of BLT4, as compared to the effects of BFA and GLYB, resides in the fact that BLTs inhibited CL efflux more effectively than PL efflux, whereas GLYB and BFA inhibited PL and CL efflux to nearly the same extent.
Discussion
As the largest storage site of free cholesterol in the body, adipocytes have the potential to influence circulating HDL [16, 17] . Previous studies have shown correlations between obesity and changes in the levels or composition of circulating HDL [54] [55] [56] . This suggests that lipid efflux from adipocytes may significantly alter overall HDL levels and compositions.
In this study, we intended to estimate the rate of apoA-Iinduced cholesterol efflux from adipocytes and place this rate in the context of a reference cell type, macrophages, to allow a better evaluation of the significance of the data. This study also intended to examine the role of ABCA1 in CL efflux from adipocytes. The results of CL efflux are commonly expressed as percent of the cellular CL content of the wells. This expression of the data is useful when comparing data from the same cell type. However, it is less useful in comparisons across cell types, and in particular for comparisons with adipocytes, whose CL contents are significantly larger than those of most cell types. Here, we have shown that, if the rates are expressed in nmoles of lipid per h mg of protein, then macrophages and adipocytes have comparable rates of efflux. It was also important for us to compare the rates of lipid efflux normalized by ABCA1 protein content (nmoles CL/ABCA1 protein h). This comparison also showed similar basal rates of CL efflux in both cell types, suggesting that these cell types share similar pathways of CL efflux under basal conditions.
The effects of ABCA1 mutations and expression on apoA-I-dependent lipid efflux have demonstrated that ABCA1 plays a major role in the rate of lipid efflux in macrophages and few other cell types [33, [57] [58] [59] [60] . However, the role of ABCA1 in lipid efflux from adipocytes has not been fully characterized. Here, we show that comparable levels of ABCA1 protein are found under basal conditions in adipocytes and macrophages. This result and the nearly identical rates of CL efflux observed, argue in favor of similar roles of ABCA1 in both cell types. Moreover, and also supporting a significant role of ABCA1 in CL efflux in adipocytes, when the expression of ABCA1 was induced, the rate of cholesterol efflux, in nmoles/h mg protein, increased in both cell types (Fig. 3a) . The induction of ABCA1 expression was greater in macrophages ( Fig. 2) and, correspondingly, the rates of efflux were also higher in these cells. However, when the rates of efflux were normalized by ABCA1 content, nearly identical rates were estimated for both cell types (Fig. 3b) . A somewhat surprising result was the observation that the rate of CL efflux normalized by ABCA1 levels was higher for cells expressing basal levels of ABCA1. Although, a definite answer is not possible at this time, this result suggests the presence of an ABCA1-independent pathway that makes a significant contribution to the rate of CL efflux under basal conditions. Alternatively, this result, observed in both cell types, would suggest that expression of ABCA1 alone is not sufficient to promote a proportional increase in the rate of lipid efflux. The cellular treatments used may not have induced the expression of a second factor also needed for ABCA1-mediated lipid efflux.
In order to further investigate the role of ABCA1 in apoA-I-dependent lipid efflux from adipocytes, the effects of four inhibitors of lipid efflux were evaluated in both adipocytes and macrophages. The results showed that GLYB, an ABCA1-targeting drug [3] and BFA which affects ABCA1 transport [49] , strongly inhibit apoA-Idependent lipid efflux from adipocytes and macrophages. The strong inhibitory effects of these drugs apply to both apoA-I-induced PL and CL efflux. On the other hand, we also studied the effects of BLT1 and BLT4, the two inhibitors of lipid efflux that have not been as well tested as BFA and GLYB, but are interesting because they have been suggested to inhibit only SR-BI-mediated CL efflux, BLT1, or both SR-BI-and ABCA1-dependent lipid efflux, BLT4 [50] . BLT1 (10 lM) only had a minor effect on PL efflux to apoA-I and slightly inhibited CL efflux, suggesting a minor role of SR-BI-in apoA-I-induced lipid efflux. BLT4 has been shown to strongly inhibit CL efflux in HEK293 cells over-expressing ABCA1 [50] . Our assays in adipocytes showed, however, that BLT4 is a weak inhibitor of CL efflux. This conclusion is reached not only by comparing the inhibitory effects of BLT4 with the inhibitory effects observed with GLYB or BFA (Fig. 4) , but also from the fact that BLT4 is used at a considerably high concentration (150 lM). We used BLT1 and BLT4 at the concentrations suggested from the original studies describing the use of these inhibitors [50, 51] . However, we think that the studies with BLT4 must be carefully evaluated because, given its hydrophobic nature and the concentration required in the assays, it is likely to affect many membrane and metabolic functions.
Overall, this study provides two significant conclusions. The first novel conclusion is that apoA-I induces efflux of cellular cholesterol at similar rates from adipocytes and macrophages. The second conclusion is that ABCA1 is a major player in determining the rate of apoA-I-dependent lipid efflux from adipocytes. This latter conclusion is supported by the studies on the levels of ABCA1 expression, their correlation with the rates of CL efflux, and the effects of inhibitors of lipid efflux. Fig. 3 Effect of ABCA1 expression levels in apoA-I-dependent CL Efflux from adipocytes or macrophages. a Rates of CL efflux normalized by total cellular protein content. The experiments were performed as indicated in ''Materials and methods'' section. The cells were mock-treated (CONT) or treated with either the LXR-agonist, 2 lM GW3965 (LXR), or 180 lM 8-Br-cAMP (cAMP) for 24 h prior to assays. The rates of apoA-I-induced CL efflux normalized by protein content were determined from the slopes of the time courses (% of cellular CL released into medium vs time). The mean values ± SD for adipocytes were obtained from three independent experiments and include 19 data points. The data for macrophages were obtained from four experiments (n = 15). The differences between the means of control and treated cells were significant (P \ 0.001) for both adipocytes and macrophages. b Rates of CL efflux normalized by ABCA1 protein levels. The average rates of apoA-I-induced CL efflux shown in Fig. 3a were converted into nmoles of CL/h-ABCA1 protein using the average relative levels of ABCA1 expression shown in the Fig. 2b and the cholesterol contents of the cells. The lipid compositions of control and treated homogenates showed no significant differences. Each bar represents the mean ± SD. The SDs were calculated using the propagation of errors equation and the SD of ABCA1 levels and rates of efflux. The differences between the means of control and treated cells were significant (P \ 0.001) for both adipocytes and macrophages
